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MULTIMODAL ANALYSIS
WESTERN COAL

OF THE

TRANSPORTATION SYSTEM

Dr. Ken Ebeling and Dr. Kam Li*
North Dakota State University
College of Engineering and Architecture
Fargo, North Dakota 58102

Abstract
Points raised in the coal slurry pipeline issue imply a need for an a n a l 
ysis of the multimodal alternatives within the context of the existing
western t ra nsportation system.
In reporting the initial results of the
first study of its kind, this paper includes a brief description of the
data base and computer routines used to c o n s t r u c t a base case and ideal
case senerios of the western coal transportation issues.
1.

INTRODUCTION

multimodal

The generally accepted conclusion drawn from
site specific studies of the multimodal

a lter

natives of transporting western coal has been
that coal

slurry pipelines

are the most e c o n 

omically attractive altern at iv e when existing
modes of coal
servicing

As a broad generalization,

these results have ex p er i en ce d different
terpretations.
advocates

the slurry pipeline

have argued that direct routes don't

exist in the sense that the existing
would have

in

Based on the results of their

own site specific studies,

inadequate capacity.

for such an analysis of this issue exists.
In reporting the initial

this paper begins with a brief description of
the data base and the set of computer routines
which were developed and used to study various
transportation system senerios.

that

vided as the need arises and have issued a

is presented in Ebeling and D a l s t e d . ^ ^
2.

DATA FOR THE WESTERN SYSTEM

The west e r n system data used in the analysis
consists

of three principal sets:

coal mine data set,

savings realized

1) the

2) the power plant data

set, and 3) the transportation system data
sets .

in the use of slurry pipelines would be at
suffering from the c o n 

2.1

tinuing deterioration of the substantially

COAL MINE DATA SET

The west e r n states coal

more flexible existing western railroad t r a n s 
portation system.
The points raised in the coal

A more co m

plete description of the data base and models

Conversely,

the needs for increased capacity can be p r o 

the expense of others

results of this first

study of the coal transportation alternatives

routes

the slurry pipeline opponents have argued

warning that any potential

To the best of our knowledge, no precedent

within the context of the existing system,

transportation lack a di r e c t

route.

alternatives within the context of

the existing western transportation system.

producing area is de

fined as consisting of the eight states of
North Dakota, South Dakota, Montana, Wyoming.

slurry pipeline

Utah, Colorado, Arizona,

issue imply a need for an analysis of the

and New Mexico.

The views and conclusions contained in this document are those of the
authors and should not be interpreted as n e c e s sarily representing the
official policies or recommendations of USDA, EPA, or of the U.S Governmen t ,
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Each

of the eight states
vided

into Coal

have been further s u b d i 

Producing Areas

(CPA) c o n s i s t 

ing of one or more counties as shown
1.

78% of the 242 million tons of western coal

in Figure

Within each CPA are the surface and u nder

ground coal mines.

A data record

Included in the coal m in e record is

a field that identifies

the geographical

at which the m i n e ’s coal

point

produ ct io n enters the

T R A N S P O R T A T I O N SYSTEM DATA SETS

The t r a n s p o r t a t i o n system data consists of a
Railroad Network
File.

File and a Barge Network

Within each of these files

to describe each

POWER PLANT DATA SET

is a d e s 

cription of the corre s p o n d i n g network on a
link by link basis.

transportation system.
2.2

2.3

is kept in

the coal mine file for each pri n ci pl e mine in
the CPA.

would require the services of the t r a n s p o r t a 
tion industry.

A l t hough the data used

link varies

by network,

link d e s c r i p t i o n s generally contain an i d e n t i 

Since approximately 80 to 90% of all
goes to supply 100 m eg awatt power

coal used

fication of o w n e r s h i p when a p p r o p r ia t e and
estimates of link length,

plants or

1975 capacity, and

larger, our analysis

is limited to the study

1975 usage.

of movements of coal

to 100 m e g a wa t t or larger

link d e s c r iption data is m a i n t a i n e d
erate card file.

plants

supplied

in part or in total

coal.

The power plants were c lassified

two catagories.

by western
into

3.

those plants with expansion plans

pansion plans, or both.

The identification

ments were s up plied by Green

ment request cards are prepared.

states.

The results of
Table

I.

by coal

this

plants'

I n s p e c t i o n of T a b l e

I shows

production

68.5 m i l l i o n

The 1985 e x p e ct ed

production

tons

represents

fold e x p a n s i o n

tons

a four and

in ten y e a r s .

Table I is the m i n e - m o u t h
total o f

for

total

17.9 m i l l i o n tons

coal

A ls o

tons

in

fourths

fold

increase

road links that could be e m p l o y e d

in

identified a n o t h e r 283 potential

per year.

309.5

links on the

waterways, and nine proposed pipelines were
inc 1 uded .

that are defined by 756 nodes are then e x a m 

in

ined by the n e t w o r k s i m pl i f i c a t i o n routines.
A transs h i p m e n t node with o n l y one connecting

in 1975 a n d 67.1

In other words then, appro xi ma t el y

in the m o v e 

The list of 1146 t r a n s p o r t a t i o n system links

one-half

production

in m i n e - m o u t h

rail

ment of western coal, the b arge search routine

that

shown

The railroad

search routine identified 863 potential

the west-

of

1985 for a th re e a n d

million

of

regions.

is s h o w n

ern st at es to ta ls
million

links that o p e r a t e within the geographic area

sources

producing

analysis

1975 p o w e r p l a n t coal

sets to build a list of the transportation

in these

defined by the request cards.

the p o w e r

coal w e r e a n a l y z e d

The se a r c h routines conduct an e x 

haustive search of transpo r t a t i o n system data

A power plant record was c o n 

From t h is data,

The request

destination nodes which span twenty-eight

thousands of tons and the CPA region su p p l y 
listed

Based on

define a list of coal source nodes and coal

the amount

to be supplied in 1985 in

structed for each plant
tables.

system is

cards for the w e s t e r n t r a n s p o r t a t i on system

(2) in tabular

in these tables, was

tra n s p o r t a t i o n

based on a set of fortran w ri t t e n computer

the mine and p ow e r plant d ata sets, coal move

and quantification of the western coal m o v e 

ing the coal.

ROUTINES

the previously men t i o n e d data sets.

in their publicly declared e x 

of western coal

in a sep-

routines.
Fi g u r e 2 summarizes the routines
used in this study and their relationship to

that are

now using western coal or a nt ic ip at e using

Shown

slurry pipeline

S Y S T E M MODELING

Modeling of the coal

in 1975 and

have no publicly d ec la re d expansion plans and

form.

Proposed coal

These are plants which were

being supplied with west er n coal

western coal

these

link is called a stub.

threeoperation.

74% of the

All

stub nodes and

their c o r r e s p o n d i n g links are eliminated from
the list of links

by the stub routine.

A

transshipment n ode with e x a c t l y two c o n ne c t

western coal produced in 1975 was transported

ing links

for use at a different site than w h er e it was
mined and that in 1985 it is e xp ec t ed that

are eliminated and the two a s s o c i a t ed links
are replaced with one link w h o s e capacity is

5 8 ‘J

is c a l l e d a dummy.

All dummy nodes

the smaller of the two associated links.

Two

Gillette and Douglas, Wyoming.

The average

or more links with the same two nodes are

computed cost of the coal movements was 5%

called duplicates.

higher than the reported average cost per ton.

Duplicate links are r e 

placed with one link whose capacity is equal
to the sum of the capacities of the d upli
cates.

The stub, dummy,

One rail-barge combination routing was tested
on the basis of a Wehrman, Chapman Associates
(51
study
of coal movements to Alma, W i s c o n 

and duplicate r o u 

tines simplified the transportation network
by eliminating 428 links and 367 nodes.

sin.

Comparison of the computed results with

the reported results

showed that the computer

The routing routines transform the list of

routines seriously underestimated the barging

transportation system links, the list of mine

cost on short hauls because intermodal

supplies,

fer costs

and the list of power plant demands

into standard mathematical

model formulations

which can be solved by the classical
portation algorithm,

the routing formulations.

trans

the node

by node routing of the coal movements
printed out.

is

Since this bias

ically occur only in geographic areas outside

After

the algorithmic solution is obtained,

in

for the barge system on short hauls can p h y s 

a capacitated tra n s s h i p 

ment algorithm, or linear programming.

trans

have not been explicitly treated

of our eight state western coal producing
area, this weakness has only a minimal effect
on the r e s u l t s .
Our other approach to the validation of the

The routing print outs are then used to update

Western Coal Transportation Study results

the request cards with routing data.
The re
vised routing request cards can then be used

to solicit the transportation industry's c o m
ments.
This effort is still underway and we

as input to a set of engineering cost models

welcome this opportunity to obtain your c o m 
ments .

to provide component cost estimates of i n d i v 
idual mine to plant coal movements.
4.

5.

TRANSPORTATION SYSTEM VALIDATION

ANALYSIS

A base case and ideal case senerio approach

Validation of the computer routines and of

was used in conducting our multimodal

the western system results has proceeded

ysis of the western coal
tem .

along two complimentary directions.

is

The

computer routines and their corresponding

5.1

data sets have been tested by comparing our

anal

transportation s y s 

BASE CASE

computed coal movement costs with rates

The base case senerio was formed by tracking

appearing in the literature.

on public declarations of intent to fuel

Strictly rail

power plant expansions with western coal.

routings of coal movements were

hundred and sixty-two individual mine to plant
coal routings were determined and accumulated

tested by comparing ten computed routing costs
with ten of the unit train rates reported in

for each distinct link in the system.

the Defendent's Statement of Fact and Arguement of the ICC rate case hearing between
Houston Lighting and Power Company and B u r 
lington Northern, et. a l . ^ 3 ^.
Results of

of the existing system, and intermodal
fer charges.
link coal

Montana and Wyoming to destinations in M i n n 
Illinois,

from the utility industry's long term con

the error was 6 % or less.

tracting procedures was estimated at 1.8 per
cent of the total annual expenditure of 1.9

Two of the three instances were accounted for
assumed completion of a new link between

The e c on 

omic effect of these inefficiencies resulting

In all

by the fact that our 1975 railroad link file

Inspection of the individual

flows revealed that there were six

both directions on a given link.

showed that our routings were consistantly
but three instances,

trans

valid instances of western coal traveling in

Indiana, and Texas

shorter than the distance reported.

The

base case senerio ignored the potential use
of slurry pipelines, the capacity limitations

this comparison for movements from sources in
esota, Iowa,

One

billion dollars at an average cost of 9.4
mills per ton mile for 202.3 billion ton
590

miles.
A sketch of the transportation system
shown in Figure 3 identifies by bold print 58

taking place and will no doubt continue to be

western states railroad links forming 5 link

made in the future.
Results obtained in this
worst case situation showed that the trans

sets where coal flows are expected to exceed

portation system lacked the capability to

ten million tons per year.

transport 28.5 million tons of demand for

5.2

Cillette coal.

IDEAL CASE

The ideal case senerio was developed by per

strained case revealed that the number of

mitting the power plants to select their

western system links whose flow was ten

closest sources of coal without consideration
of differences

million tons or more had increased from 44
to 53 links.

in the heating values and im

purity levels of the coal

Comparison of the remaining

link flows for this worst case with the uncon

sources so long as

the individual mine levels of production as

5.2.3

established in the base case remained the

The unconstrained ideal

same.

consisted of minimizing the cost of trans

Four forms of the ideal case were c o n 

structed for further study.

The four forms

Unconstrained Ideal

Case With Pipelines

case with pipelines

porting western coal over an unconstrained

consisted of unconstrained and constrained

railroad and barge network that was

cases of transportation systems without and

competition with nine pipelines shown in Table
II.
Data for the first seven pipelines shown

with the availability of proposed pipelines.
5.2.1

Unconstrained Ideal Case Without

in Table II was taken from Reiber's

Pi peli nes

pilation of pipeline proposals.

In the unconstrained ideal case without pipe
lines, the total

cost of transportation ser

vices to satisfy 1985 coal demands

mates given may be 50% too low today.

case with those obtained in the base case

last two pipelines

cost of

cal

transporting western coal and a reduction
links which carry ten million or more tons of

its related capacity to supply power plants

between the two cases shows a 20% increase in
volume of flow from the Gillette, Wyoming area
creased flow in the ideal

This in

case could be inter

source of western coal.
Constrained

to be accomplished by the rail-barge network
without encurring any intermodal transfer
charges

influenced utility

company decisions regarding their choice of a

5.2.2

in Arkansas, Louisiana, and one in Texas.
Distribution of the slurried coal was assumed

preted as an indication that link capacity
concerns may have already

lines and are not considered further.

only one which the model elected to employ at

Further comparison

south eastward through Nebraska.

The

(#8 and #9) are hypotheti

Of the first seven pipelines considered, the
Gillette to Redfield, Arkansas line was the

From 58 to 44 western system transportation
western coal per year.

investment cost as re

indicates that some of the project cost e sti

in this

shows a 4.1% reduction in the total

cost of transportation for pipelines 6 and 7

ported in Reiber even though Reiber's study

mized over the railroad and barge networks.
Comparison of the results obtained

(4) c o m

The unit of

were estimated by ourselves on the basis of
the project's total

is m i n i 

in direct

in the processes.

entered the solution at a flow volume which
would be economically infeasible.
Montana to Beaumont, Texas

Ideal Case Without Pipe-

Two other pipelines
The Hardin,

pipeline was e m 

ployed at less than 40% of capacity and the

1 i nes
The constrained ideal case without pipelines

Gillette, Wyoming to Orchard, Idaho was e m 
ployed at less than 1% of capacity.

differs from the previous case only in the

5.2.4

sense that 1975 estimates of link capacity
were imposed on the coal
1985 demands.

Constrained

Ideal Case With Pipelines

The constrained ideal case with pipelines

routing solution for

limited coal flows on the railroad and barge
links to their 1975 estimated capacities.
In
this worst case situation, the Gillette to

This represents a worst case

situation where no additions to capacity are
made even though such additions have been
591

Redfield pipeline continued to operate at
capacity and the Hardin to Beaumont pipeline
came within two million tons of its 25 million

short of the capacity needed to supply the
publicly declared demands for western coal.
That even under the most ideal conditions

ton proposed capacity.
The Gillette to O r 
chard pipeline continued to operate at an

where the railroads would not expand capacity

economically infeasible flow volume of sl i g h t 
ly less than 12% of the proposed capacity.
6.

SUMMARY AND CONCLUSIONS

and would provide distribution services for
slurry coal, only two of the proposed lines
appear to be condidates that could be economi
cally justified.
As an initial analysis, these results provide

Beyond a brief description of sources of s u p 
ply and demand for coal, a description of the

an order of magnitude estimate of the 1975

western transportation system, and the v a l i 

capacity limitations of the western t r an s p o r

dation of the modeling components of the w e s t 
ern transportation system, the principle

The results

thrust of this paper has been in the analysis

what the authors would consider as being c o n 

of the western transportation sys t em ’s c a p a 

clusive evidence sufficient to formulate a

bility to provide the transportation services
that would be necessary to realize a four and

clear and concise recommendation concerning

one half fold expansion of coal
the western states by 1985.

immediate tasks the authors intend to u n d e r 

to date, however, do not provide

the slurry pipeline issues.

supplied from

Among the most

take to arrive at this position is to i n t e
grate the interregional coal flows into the

In addressing this nationally significant

analysis:

issue that is of vital concern to the western

to follow up with a more c o mp r e

hensive study of the expansions planned for
the links which have been identified as c a n 

states and its citizens, the utility companys'
spanning twenty-eight states, and the rail
road, barge, and pipeline transportation i n 

didates for expansion:

and to fine tune the

computer routines treatment of intermodal
transfers.

dustry, individual coal flows from the i ndi
vidual mine to the individual

tation system on a rather site specific bases.

power plants

7.
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Figure 2

TRANSPORTATION SYSTEM ROUTINES
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Figure 1

NJ/
ROUTE
COSTING

Figure 3

BASE CASE RAILROAD LINK WITH 10 MILLION

595

TONS OF COAL PER YEAR OR MORE

TABLE I
COAL SOURCES
(Thousands of tons annually)
1975
CPA

1985
Mine
Mouth

Total

Total

Mine
Mouth

Transportation's
source points

AZ1

7,219

3,384

7,583

3,763

Kayenta, AZ

C01

3,900

18,349

7,345

C04
C07

-

645
-

143

-

Hayden, CO; Moffat, CO; Craig, CO; Energy, CO
Carbondale, CO; Grand Jet, CO
Erie, CO

MT2
MT 4
ND1
ND2

18,878
1 ,517

3,520

-

143

-

3,539

197
2,433

2,900
49,139
7,017
13,739

ND3
NM1

1,609
7,425

7,185

4,109
25,984

NM2

340

NM3

-

Glasgow, MT

4,931
5,500

Rosebud, M T ; Hardin, M T ; Sheridan, WY
Minot, ND

7,133
-

Stanton, ND
Gascoyne, ND

12,984

Four Corners, NM

9,51 2

-

Gallup, NM

-

-

500

-

Trinidad, CO

NM4

-

-

1 ,000

-

Socorro, NM

UT1

3,201

Castle Gate, UT; Morhland, U T ; Hiawatha, U T ;
Huntington, UT

UT2
WY1

6

-

WY2

3,352

WY3

13,768
3,600

Total 68,497

WY4

433

22,129

433

-

16,400

6,500

4,506

1,600

-

92,249

-

18,888

2,200
-

3,582

11,800

11,782

17,859

309,467

67,071

Sali na , UT
Sheridan, WY
Gillette, WY
Hanna, WY
Kemmerer, WY

TABLE II
PROPOSED PIPELINES

No.

Source

Des t .

Annual
Volume
in Thous.

Cost per
Ton

25,000
25,000

7.00
12.50

15,000

12.20

961
333

1)
2)

a/Gillette, WY
a/Hardin, MT

3)

a/Trinidad, CO

Beaumont, TX
Rosenburg, TX

4)

a/Hardin, MT

Spokane, WA

4,550

14.97

5)

a/Hardin, MT

Seattle, WA

4,550

14.97

6)

a/Gillette, WY
a/Gillette, WY

Orchard,

b/Castlegate, UT
b/Haiwatha, UT

7)
8)
9)

Redfield, AR

Mi 1eaqe
1 ,000
1 ,260

ESTI
Brown & Root
Houston Natural
Gas
Bureau of Mines

25,000

7.00*

1 ,100

Bureau of Mines
Gulf Interstate

Pilot Rock, OR

10,000

8.00*

800

Gulf Interstate

Brendel, UT

10,000

10.00

80

NDSU

Cedar City, UT

10,000

10.00

200

NDSU

ID

574

Source

* internally estimated
Sources:

a/Rei b e r , Michael, et.al., Comparative Coal Transportation C o s t s , Center for
Advanced Computation, University of Illinois, Urbana, Illinois, August, 1977
V o l . 3, p
b/Internally Generated
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